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SUPPLY VOLTAGE S1

MONITOR Y.
TEMPERATURE

ADAPT VOLTAGE S3

CALCULATE POWER

ALTER CURRENT

Fig. S
1%
. Fig. 5 shows 3 power density

un2(1) (T1) levels (1, 2, 3) (surface areas
under the U*2 (voltage squared)
constants at 3 temperatures,

UI\2(2) (T2) ‘ ‘ where T1 < 12 <T3
In Fig. 5, P (power) = U”2 / 4R
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1

METHOD FOR ADAPTING THE VOLTAGE
SUPPLIED BY A HIGH-PERFORMANCE
ELECTROCHEMICAL STORAGE DEVICE,
AND A SYSTEM FOR OPERATING A LOAD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s the national stage of Interna-
tional Pat. App. No. PCT/EP2017/066643 filed Jul. 4, 2017,
and claims priority under 35 U.S.C. § 11910 DE 102016 212
554.0, filed 1n the Federal Republic of Germany on Jul. 11,
2016, the content of each of which are incorporated herein
by reference 1n their entireties.

FIELD OF THE INVENTION

The present invention relates to a method for adapting the
voltage supplied by a high performance electrochemical
storage device, the method including using a high-perfor-
mance electrochemical storage device to supply a voltage
for a load; monitoring the temperature of the high-perfor-
mance electrochemical storage device; and adapting the
voltage supplied by the high-performance electrochemical
storage device as a function of a change 1n the monitored
temperature thereof.

BACKGROUND

In addition to the generally known lithtum-ion batteries,
clectrochemical capacitors, also referred to as supercapaci-
tors, are playing an ever greater role. Supercapacitors that
are already commercially available are used for automotive
applications and for stationary systems. Electrochemical
energy storage devices can be characterized, 1n particular by
the energy density, and the power density thereol. The
energy density 1s indicated in kWh/kg or kWh/1 and specifies
the amount of energy per weight or per volume that can be
stored 1n the energy storage device. It 1s one of the most
important variables used to compare various energy storage
systems and 1s decisive for the curb weight of a vehicle, for
example. The greater the energy density 1s, the smaller or
more lightweight the energy storage device can be at the
same capacity. On the other hand, the power density speci-
fies how much power can be drawn from the energy storage
device per volume or mass. This quantity 1s important for the
acceleration performance and/or the velocity of a vehicle.
Generally, supercapacitors have a higher power density and
a lower energy density than lithium-ion batteries. Thus,
lithium-1on batteries are preferred for energy-intensive
applications and supercapacitors for power-intensive appli-
cations. Generally, supercapacitors are classified as what are
commonly known as electric double layer capacitors,
pseudocapacitors, and hybrid supercapacitors.

Double layer capacitors and pseudocapacitors have a high
power density, but a low energy density. On the other hand,
hybrid supercapacitors have both a high power density, as
well as a high energy density and thus, as it were, {ill the gap
between lithium-ion batteries and supercapacitors. At pres-
ent, however, both lithtum 10n batteries as well as superca-
pacitors are greatly limited with regard to the operating
temperature thereof. The operating temperature of lithium-
ion batteries 1s within a very small range of between 20° C.
and 40° C. On the other hand, supercapacitors can be
operated within a broader temperature spectrum of —40° C.

to 70° C.

10

15

20

25

30

35

40

45

50

55

60

65

2

At the same time, electrochemical energy storage devices,
which are suited for a use within a very broad temperature
range, for example within a temperature range of approxi-
mately —40 to 120° C., are increasingly gaining in impor-
tance, most notably 1n the automotive industry. What 1s
problematic in high temperature applications 1s, 1n particu-
lar, the decomposition of the electrolyte at high voltages.
The high voltage and temperature intensily secondary reac-
tions, which are responsible for the decomposition of the
clectrolyte, between the various components of the energy
storage device, such as the electrodes and the electrolyte, for
example. This causes lasting damage to and loss of capacity
of the cell. In addition, in the case of lithium 1on batteries,
what 1s generally referred to as the solid electrolyte inter-
face, which protects the anode material from direct contact
with the electrolyte, 1s permanently damaged at high tem-
peratures. This can cause the cell to fail. Nevertheless, there
are already rechargeable high-temperature lithium-ion bat-
teries which, however, have a very short lifetime and only
very low charge/discharge rates at high temperatures and are
completely unusable for power-intensive applications. At
low temperatures, the performance of supercapacitors and of
lithium-10n batteries drops ofl sharply since the viscosity of
the electrolyte increases significantly, and the performance
thereby decreases significantly. The available potential win-
dow, respectively voltage window of the respective energy
storage device, which determines the cell voltage of a
lithium-10n battery or of a supercapacitor, 1s likewise influ-
enced by the temperature.

FIG. 1 shows a voltage window of a conventional double
layer capacitor 1n a coordinate system, for example. Here,
the ordinate of the coordinate system shows the voltage,
respectively the potential of the double layer capacitor,
while the specific capacity of the double layer capacitor 1s
plotted in mAh/g on the abscissa of the coordinate system.
The voltage window shown 1n FIG. 1 extends between two
linear segments intersecting at point (0/3) of the coordinate
system, of which the bottom linear segment represents the
potential of the anode, while the upper linear segment
represents the potential of the cathode of the double layer
capacitor. The vertical double arrows represent the width of
the voltage window and thus the cell voltage of the double
layer capacitor that can be supplied, while the simple black
arrows represent the influence of high temperatures on the
voltage window, and the simple white arrows the influence
of low temperatures on the voltage window. Thus, the
maximum voltage window increases at low temperatures
since the secondary reactions described above—in compari-
son to an operation at room temperature—start only at
higher cell voltages. On the other hand, the maximum
voltage window decreases at high temperatures since the
secondary reactions begin already at cell voltages that are
lower than an operation at room temperature. In addition,
FIG. 1 shows two voltage ranges 6, 7, the upper character-
1zing a voltage range 1n which a gas formation on the basis
of oxidative decomposition occurs, and the lower charac-
terizing a voltage range in which a gas formation on the
basis of reductive decomposition occurs.

At present, there 1s still no system based on high-perfor-
mance electrochemical storage devices, thus, for example,
based on conventional supercapacitors or hybrid superca-
pacitors, capable of supplying moderate power both 1n the
high-temperature, as well as 1n the low-temperature range.
This 1s due to the fact that high-temperature stable electro-
lytes, such as carbonates, for example, 10onic liquids, gel
clectrolytes, or solid electrolytes have a low 1onic conduc-
tivity, especially at low temperatures.
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It 1s known that an increase 1n temperature causes the
viscosity of electrolytes to decrease and, accordingly, for the
conductivity of the same to increase. Conversely, the vis-
cosity of electrolytes increases and the conductivity of the
same decreases as the temperature drops. This correlation 1s
shown 1n FIG. 2. FIG. 2 shows the conductivity (lett), as
well as the viscosity (right) of an electrolyte as a function of
the temperature, 1n each particular case in a diagram. Purely
exemplarily, the electrolyte 1s the 1omic liquid Pyr, FSI. To
the left in FIG. 2, conductivity o (S cm™) is plotted over the
temperature. On the one hand, the temperature 1s plotted in
° C. (at the top) and in 1000/T (K~*) (at the bottom). To the
right in FIG. 2, viscosity 11 (mPa s) 1s plotted over the
temperature in © C.

The conductivity plays an important role for internal
resistance R, of a cell, which 1s also referred to as ESR.
Internal resistance R, 1s derived from a multiplicity of
various quantities, such as the particle-particle resistance,
for example, the contact resistance between the electrode
and current diverter, as well as from 10nic electrolyte resis-
tance R of a cell. The temperature 1s, in fact, mainly
influenced by this 1onic electrolyte resistance R as
expressed by the equation

Ry = iy LH R =T}

In this context, R, 1s the resistance at a temperature of
20° C., T 1s the ambient temperature, and k,=0.025 1/° C. 1s
the temperature coeflicient. In FIG. 3, internal resistance R,
of a related-art, high-performance electrochemical storage
device 1s plotted at various temperatures T (° C.) over the
frequency. It becomes clear in this instance that internal
resistance R, decreases with increasing temperature.

SUMMARY

In accordance with the present invention, a method 1s
provided for adapting the voltage supplied by a high-
performance electrochemical storage device, the method
including: using a high-performance electrochemical stor-
age device to supply a voltage for a load; monitoring the
temperature of the high-performance electrochemical stor-
age device; and adapting the voltage supplied by the high-
performance electrochemical storage device as a function of
a change 1n the monitored temperature thereof 1n a way that
counters a change 1n the value of the power density of the
high-performance electrochemical storage device attribut-
able to the temperature change.

The mmventive method makes 1t possible to provide a
high-performance electrochemical storage device, thus, for
example, a conventional supercapacitor or hybrid superca-
pacitors that are capable of supplying moderate power both
in the high-temperature, as well as 1n the low-temperature
range. This 1s made possible by countering a change 1n the
power density of the high-performance electrochemaical stor-
age device to be attributed to a temperature change in the
same and caused by a change 1n the internal resistance of the
high-performance electrochemical storage device power
density. In other words, the method according to the present
invention makes possible an outstanding performance of
high-performance electrochemical storage devices by vary-
ing the particular voltage windows for various temperature
ranges. Furthermore, the method according to the present
invention prolongs the service life of high-performance
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clectrochemical storage devices at high temperatures, as
well as at low temperatures. In contrast to the related art, the
method according to the present invention makes 1t possible
to provide high-performance electrochemical storage
devices having an outstanding performance and lifetime,
both for high-temperature, as well as low-temperature appli-
cations. This makes 1t possible to broaden the potential
application fields of the high-performance electrochemical
storage devices for which the mventive method 1s used. At
low temperatures, the method according to the present
invention makes it possible to compensate for a decrease 1n
the power density caused by a low 1onic conductivity of the
clectrolyte. This can be accomplished by increasing the
potential window, 1n particular by charging the cell to a
higher voltage without the risk of irreparable cell damage. At
high temperatures, the method according to the present
ivention makes i1t possible to compensate for the high
clectrolyte degradation rate by reducing the potential win-
dow, 1n particular by discharging the cell to a lower voltage
without reducing the power provided to the cell, since the
smaller voltage window 1s compensated by the intrinsically
higher 10n conductivity of the electrolyte at high tempera-
tures. Overall, therefore, all of this enables the high-perfor-
mance electrochemical storage device to constantly provide
power independently of temperature.

A change 1n the power density of the high-performance
clectrochemical storage device to be attributed to a tempera-
ture change 1n the same 1s preferably fully compensated. In
such an embodiment, high-performance electrochemical
storage devices are exceptionally suited for operating or for
driving loads.

In the adaptation step, the voltage 1s adapted 1n a way that
allows the power density of the high-performance electro-
chemical storage device to remain constant while the voltage
1s supplied. In such an embodiment, high-performance elec-
trochemical storage devices are exceptionally suited for
operating or for driving loads.

In a preferred example embodiment, the power of the
constant power density of the high-performance electro-
chemical storage device is calculated using formula P=U/
4R ., R, being the internal resistance of the high-performance
clectrochemical storage device and U being the voltage
provided 1n this supplying step. An increasing temperature
of the high-performance electrochemical storage device
leads to a reduction 1n the internal resistance. For this reason,
it 1s preferred that the voltage supplied by the high-perfor-
mance electrochemical storage device be reduced in
response to an increasing temperature thereof. Conversely, a
decreasing temperature of the electrochemical high-perfor-
mance storage device brings about an increase 1n the internal
resistance thereof. For this reason, 1t 1s preferred that the
voltage supplied by the high-performance electrochemical
storage device 1n response to a decreasing temperature
thereof be increased. In such an example embodiment, the
voltage from the high-performance electrochemical storage
device can be readily supplied 1n the context of a constant
power density.

It 1s preferred 1n the adaptation step that the high-perfor-
mance electrochemical storage device be charged to increase
the voltage that can be supplied by the same. It 1s also
preferred 1n the adaptation step that the high-performance
clectrochemical storage device be discharged to reduce the
voltage that can be supplied by the same.

The high-performance electrochemical storage device 1s
preferably a supercapacitor. It 1s especially preferred that the
high-performance electrochemical storage device be a
hybrid supercapacitor. Generally, supercapacitors have a
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higher power density than lithium-ion batteries, for example.
On the other hand, hybrid supercapacitors have a high power
density and energy density, and thus function as gap fillers
between lithium-1on batteries and supercapacitors.

The monitored temperature of the high-performance elec-
trochemical storage device i1s preferably an ambient tem-
perature thereof. It 1s especially preferred that it be a
temperature that 1s measured 1n the immediate vicinity of the
high-performance electrochemaical storage device. More par-
ticularly, 1t 1s preferred that 1t be a temperature that i1s
measured within the high-performance electrochemaical stor-
age device and/or at an outer wall thereof.

According to an example embodiment, a system for the
operation of a load includes a high-performance electro-
chemical storage device with at least one output for the
clectrically conductive connection to a load. In addition, the
system 1ncludes at least one sensor that 1s designed to
measure the temperature of the high-performance electro-
chemical storage device and the voltage at the at least one
output therecof. Moreover, the system features a system
management unit, which 1s connected to the at least one
sensor and 1s designed to alter the voltage at the at least one
output of the high-performance electrochemical storage
device as a function of a change in the temperature thereof
in a way that counters a change 1n the value of the power
density of the high-performance electrochemical storage
device attributable to the temperature change. It 1s preferred
that the system management unit be designed to alter the
voltage at the at least one output of the high-performance
clectrochemical storage device as a function of a change 1n
the temperature thereol 1n a way that compensates for a
change in the value of the power density of the high-
performance electrochemical storage device attributable to
the temperature change. This type of system brings to bear
the advantages 1n a device mentioned previously 1n connec-
tion with the inventive method.

It 1s preferred that the system management unit be
designed to adapt the voltage at the at least one output of the
high-performance electrochemical storage device 1n such a
way that the power density thereof remains constant while
the voltage 1s supplied. A system of this kind makes 1t
possible for a high-performance electrochemical storage
device, such as a supercapacitor, for example, to supply
constant power to a load, for example, to the drive of a motor
vehicle, independently of temperature. Withun the scope of
the method, 1t 1s preferred that the power density be kept
constant during the entire time in which the high-perfor-
mance electrochemical storage device supplies a voltage.

In a preferred example embodiment, the power of the
constant power density of the high-performance electro-
chemical storage device is calculated using formula P=U~/
4R ., R, being the internal resistance of the high-performance
clectrochemical storage device and U being the voltage
adapted by the system management unit to the at least one
output of the high-performance electrochemical storage
device.

The system management unit 1s preferably designed to
induce a charging of the high-performance electrochemical
storage device 1 order to increase the voltage that can be
supplied by the same. It 1s also preferred that the system
management unit be designed to induce a discharging of the
high-performance electrochemical storage device 1n order to
reduce the voltage that can be supplied by the same.

The system management unit 1s preferably also designed
to measure the voltage dropping across a load connected to
the at least one output. In an example embodiment of this
type, a load can be operated using a more precisely adjusted
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voltage and thus more efliciently, as well as more smoothly
for the electrochemical high-performance storage device.

The system may also include a power control unit that 1s
designed for altering a current supplied to the at least one
output by the high-performance electrochemical storage
device. In this type of example embodiment, 1t 1s possible to
optimize the manner in which the power density of the
high-performance electrochemical storage device 1s main-
tained.

In an example embodiment, the current supplied to the at
least one output by the high-performance electrochemical
storage device 1s altered to correspond to an instantaneously
required current of a load that 1s electroconductively con-
nected to the at least one output. Because the power density
1s to be kept constant, the system management unit decides
about the level of the voltage to be output to the at least one
output by the high-performance electrochemical storage
device. The power control unit can then advantageously
adapt this current to a required load current.

Exemplary embodiments of the present invention are
clanfied 1n greater detail on the basis of the drawings and the
following description.

"y

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the voltage window of a conventional

double layer capacitor.
FIG. 2 shows the conductivity (left) and the viscosity

(right) of an electrolyte as a function of the temperature.

FIG. 3 shows internal resistance R, of a related-art high-
performance electrochemical storage device at various tem-
peratures 1T(° C.) over the frequency.

FIG. 4 1s a flowchart that illustrates a method according
to an example embodiment of the present invention.

FIG. 5 shows the power density of a high-performance
clectrochemical storage device in operation for which the
method 1s executed, according to an example embodiment of

the present mvention.

FIG. 6 1s a block diagram of a system for the operation of
a load according to an example embodiment of the present
invention.

FIG. 7 1s a block diagram of a system for the operation of
a load according to another example embodiment of the
present 1nvention.

DETAILED DESCRIPTION

FIG. 4 1s a flowchart of a method for adapting the voltage
supplied by a high performance electrochemical storage
device according to an example embodiment. As an
example, the high-performance electrochemical storage
device 1s a supercapacitor, more specifically a hybrid super-
capacitor. However, the method according to the present
invention can also be used for other types of high-perfor-
mance electrochemical storage devices.

In a first method step S1, the electrochemical storage
device supplies a voltage for a load. Purely exemplarily, this
load 1s the drive of a motor vehicle. However, high-perfor-
mance electrochemical storage devices can operate or drive
other loads, 1n particular also steady-state loads, using a
method according to the present invention.

In a second method step S2 of the method, the tempera-
ture of the electrochemical high-performance electrochemai-
cal storage device 1s monitored; purely exemplarily 1n this
exemplary embodiment, the temperature being continuously
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monitored, 1.e., for as long as the high-performance electro-
chemical storage device 1s 1n operation, respectively 1s used
for operating the load.

In a third method step S3, the voltage supplied by the
high-performance electrochemical storage device 1s adapted 53
as a function of a change 1n the monitored temperature of the
high-performance electrochemical storage in a way that
counters a change 1n the value of the power density of the
high-performance electrochemical storage device attribut-
able to the temperature change. Purely exemplarily in this 10
exemplary embodiment, the voltage 1s adapted 1n such a way
that the power density of the high-performance electro-
chemical storage device remains constant while the voltage
1s supplied. The power of the power density of the high-
performance electrochemical storage device, which 1s kept 15
constant in the context of the method of the present inven-
tion, is generally calculated using formula P=U%/4R,, R,
being the internal resistance of the high-performance elec-
trochemical storage device and U being the voltage provided
in this supplying step S1. 20

Purely exemplarily 1n this exemplary embodiment, a
power density 1s set as a reference value at a predetermined
temperature, here at an ambient temperature of 15° C.
However, a power density can also be set as a reference
value at a different temperature. It 1s also possible that a 25
specific 1nitial temperature upon start-up of the high-perfor-
mance electrochemical storage device or the power density
that the high-performance storage device provides at that
instant be set as a reference value, or that such a reference
value be specified in some other way. 30

In first method step S1 1n this exemplary embodiment, a
voltage U, 1s supplied for the high-performance electro-
chemical storage device to drive the motor vehicle. If a
measurement performed in the course of second method step
S2 reveals that the temperature of the ambient environment 35
of the high-performance electrochemical storage device or
of the high-performance electrochemical storage device
itsell has increased—ior example, due to a heating of the
overall system because of operation of the same—this leads
to a drop 1n the viscosity of the electrolyte of the high- 40
performance electrochemical storage device. This, i turn,
leads to an increase 1n the conductivity of the electrolyte of
the high-performance electrochemical storage device,
which, 1n turn, has the effect of decreasing internal resistance
R, of the same. However, as indicated by the above math- 45
ematical relationship, a drop in internal resistance R,
increases power P (see above) and thus enhances the power
density. For this reason, in third method step S3, voltage U,
supplied by the high-performance electrochemical storage
device 1s reduced to a voltage value U, at which the power 50
density 1s unchanged. This can be accomplished, for
example, by appropriately discharging the high-performance
clectrochemical storage device.

On the other hand, 1f a measurement performed in the
course ol second method step S2 reveals that the tempera- 55
ture of the ambient environment of the high-performance
clectrochemical storage device or of the high-performance
clectrochemical storage device itself has dropped—ior
example, due to a cooling in the ambient environment of the
high-performance electrochemical storage device—this 60
leads to an 1ncrease 1n the viscosity of the electrolyte of the
high-performance electrochemical storage device. This, in
turn, leads to a decline 1n the conductivity of the electrolyte
of the high-performance electrochemical storage device,
which, 1n turn, has the eflect of increasing internal resistance 65
R, of the same. However, as indicated by the above math-
ematical relationship, an increase in internal resistance R,

8

reduces power P and thus the power density (see above). For
this reason, 1n third method step S3, voltage U, supplied by
the high-performance electrochemical storage device 1s
reduced to a voltage value U, at which the power density 1s
unchanged. This can be accomplished, for example, by
appropriately charging the high-performance electrochemi-
cal storage device. Thus, 1n third method step S3, the voltage
supplied 1n first supplying method step S1 1s adapted,
respectively altered. This 1s expressed in FI1G. 4 by an arrow,
which points from the box representing third method step S3
to the box representing first method step S1. In addition, the
power density can also be enhanced by increasing the
voltage window. At a voltage window of 1.2 V-2.7 V, an
internal resistance of R =3.2 mOhm at 25° C., and a tem-
perature window of -25° C. to 120° C., for example, the
following values can be calculated for power P from the
above mathematical relationship for exemplary tempera-
tures —15° C., 25° C., and 120° C.:

for T=-15° C., a power of

27°V?
P = = 253125 W

V
45724107 —
A

1s derived,
for T=25° C., a power of

1.8%Vv*
P = = 253125 W

Vv
4%32%1073 —
x 3.2 % I

1s derived, and
for T=120° C., a power of

1.2%v~
P = = 25352 W

%
4%1.42%107° —
A

1s derived. These exemplary calculations reveal that power
P provided by high-performance electrochemical storage
device 1s constant independently of the temperature thereof.
In other words, the inventive, voltage-regulating method
makes it possible for the voltage to be automatically adapted
depending on the temperature range and thus to be used as
a compensation element for the rising, respectively decreas-
ing temperature. Thus, at a dropping temperature, the volt-
age should increase and, at a higher temperature, decrease,
to enable the power and the power density to remain
constant. This adaptation process has a positive eflect on the
service life of the corresponding high-performance electro-
chemical storage devices since, at high voltages, the decom-
position rate at high temperatures for the electrolyte 1s much
higher than at low temperatures. Moreover, the low 10nic
conductivity of the high-temperature electrolyte 1s compen-
sated by this adaptatlon of the voltage window.
This relationship 1s illustrated once again in FIG. 5. FIG.
5 shows the power density of a high-performance electro-
chemical storage device 1n operation, for which the exem-
plary embodiment of an inventive method shown in FIG. 4
1s executed. Specifically, FIG. 5 shows the power densities
(U?) at three different temperatures T,, T, and T,, where
T,<1,<T;. Expressed 1n more precise terms, in FIG. 5, 1n
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first method step S1 of this exemplary embodiment of an
inventive method, the square of the voltage supplied 1n each
case by a high-performance electrochemical storage device
to a load at three diflerent temperature values T, through T,
1s plotted over the mnverse value of internal resistance R, of
the high-performance electrochemical storage device used
for supplying this voltage. The surface areas underneath the
U” power density constants in FIG. 5, which can be asso-
ciated with each of the different temperature values T,
through T, are of equal value relative to each other since the
power density of the high-performance electrochemical stor-
age device 1s constant at every temperature in correspon-
dence with the exemplary embodiment of an nventive
method. Thus, the surface areas in FIG. § represent the
constant power density.

FIG. 6 1s a block diagram of a system 100 according to an
example embodiment of the present invention for the opera-
tion of a load 90, which, purely exemplarily 1n this example
embodiment, 1s a construction machine. System 100
includes a high-performance electrochemical storage device
80, which, purely exemplarily, has an output 81 for electri-
cally conductive connection to load 90—in this case the
construction machine—and 1s configured, purely exemplar-
ily, as a hybrid supercapacitor. In addition, purely exemplar-
ily 1n this example embodiment, system 100 includes two
sensors 70, one of which 1s designed to measure the tem-
perature of high-performance electrochemical storage
device 80, while the other 1s designed to measure the voltage
at output 81 of high-performance electrochemical storage
device 80. In addition, system 100 includes a system-
management unit 60 connected to sensors 70. The connec-
tion 1s shown in FIG. 6 by a dashed line. Purely exemplarily,
in this example embodiment, it 1s an electrically conductive
connection that sutlices for transmitting sensor data. How-
ever, 1t can also be a wireless connection that materializes
via a transmission network, for example, a radio communi-
cation or WLAN network.

System management unit 60 1s designed for altering the
voltage at output 81 of high-performance electrochemical
storage device 80 as a function of a change 1n the tempera-
ture of high-performance electrochemical storage device 80
in a way that counters a change 1n the value of the power
density of high-performance electrochemical storage device
80 attributable to the temperature change. Purely exemplar-
1ly 1n this example embodiment, system management unit 60
1s also designed to adapt the voltage at the one output 81 of
high-performance electrochemical storage device 80 1n such
a way that the power density thereof remains constant while
the voltage 1s supplied.

In other words, via sensor 70, system management unit 60
1s able to measure the temperature ol high-performance
clectrochemical storage device 80, as well as, secondly, the
voltage supplied by high-performance electrochemical stor-
age device 80 to output 81. If system management unit 60
measures an increase in the temperature of high-perfor-
mance electrochemical storage device 80, then purely exem-
plarily 1n this example embodiment, it induces a reduction in
the voltage supplied to output 81. If, on the other hand,
system management unit 60 measures a decrease in the
temperature of high-performance electrochemical storage
device 80, then, purely exemplarily in this example embodi-
ment, 1t induces an increase 1n the voltage supplied to output
81. In this example embodiment, a discharging of high-
performance electrochemical storage device 80 induced by
system management umt 60 brings about a reduction 1n the
voltage supplied to output 81. In this example embodiment,
a charging of high-performance electrochemical storage
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device 80 induced by system management unit 60 also
brings about an increase 1n the voltage supplied to output 81.
However, the voltage of high-performance electrochemaical
storage device 80 can also be reduced or increased 1n a
different manner.

Purely exemplarily, 1n this example embodiment, the
energy for charging high-performance electrochemaical stor-
age device 80 thereby comes from another high-perfor-
mance electrochemical storage device, but can also come
from a different source. In this example embodiment, the
discharging i1s carried out into another high-performance
clectrochemical storage device, but can also be carried out
into a different energy sink. In other words, 1n this example
embodiment for reducing the voltage at output 81, a difierent
high-performance electrochemical storage device 1s charged
by high-performance electrochemical storage device 80 of
system 100, so that the voltage at output 81 always has a
value which, 1n accordance with mathematical relationship
P=U%/4R,, ensures a constant power or a constant power
density of high-performance electrochemical storage device
80.

FIG. 7 1s a block diagram of a system 100 for the
operation of a load 90 according to an example embodiment
of the present mvention. This embodiment 1s essentially
identical to the previously described example embodiment
of system 100 shown in FIG. 6, so that the previous
description also applies to the i1dentically denoted compo-
nents 1 FIG. 7. In essence, the example embodiment shown
in FIG. 7 diflers from the embodiment shown 1n FIG. 6 1n
that system management unit 60 1s also designed to measure
the voltage dropping across load 90 connected to output 81,
thus to the construction machine.

This 1s mdicated 1 FIG. 7 by a dot-dash line, which
represents an electrically conductive signal connection
between system management unit 60 and an mput of load
90. In this example embodiment, purely exemplarily, system
100 includes a power control unit 50 that 1s designed to alter
a current supplied to output 81 by high-performance elec-
trochemical storage device 80. In other words, purely exem-
plarily 1n this example embodiment, a power control unit 50
1s located 1n electrically conductive connection 82 between
output 81 and an input of load 90. In more specific terms,
power control unit 50 1s designed to alter the current
supplied to output 81 by high-performance electrochemical
storage device 80 to correspond to a current that 1s instan-
taneously required by the construction machine.

In other words, 1n system 100 shown 1n FIG. 7, load 90,
which 1s the application, and high-performance electro-
chemical storage device 80, which i1s the energy source,
transmit signals to system management unit 60. These
signals provide the instantaneous values of voltage and
temperature that system management umt 60 processes and
analyzes with the aid of an algorithm, for example, 1n
accordance with the previously described inventive method.
System management unit 60 subsequently decides about the
level of the voltage supplied by high-performance electro-
chemical storage device 80 and about the current that flows
therefrom to load 90, thus to the application. In this example
embodiment, a power control unit 50 additionally adapts this
current 1n accordance with the current required by the load.

What 1s claimed 1s:
1. A method for adapting a supply voltage supplied by an
clectrochemical storage device, the method comprising:
supplying the supply voltage to a load, which is a drive of
a motor vehicle, using the electrochemical storage
device;
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monitoring a temperature of the electrochemical storage
device;

adapting the supply voltage supplied by the electrochemi-
cal storage device based on a change 1n the monitored
temperature so as to counter a change 1n a value of a
power density of the electrochemical storage device
attributable to the temperature change; and

calculating a power (P) of the power density of the
electrochemical storage device using a formula: P=U?/
4R ., wherein Ri1 1s an internal resistance of the electro-
chemical storage device, U” is the square of the supply
voltage adapted by the system management unit to the
at least one output of the electrochemical storage
device, and U 1s the supply voltage;

wherein the adapting 1s performed such that the power
density of the electrochemical storage device remains
constant while the supply voltage 1s supplied,

wherein the temperature 1s continuously monitored, for as
long as the electrochemical storage device, used for
operating the load, 1s in operation, and

wherein the power (P) provided by the electrochemical
storage device 1s approximately independently of the
temperature.

2. The method of claim 1, wherein the electrochemical

storage device includes a supercapacitor.

3. A system for operating a load, comprising:

an electrochemical storage device that includes at least
one output for an electrically conductive connection to
the load, which 1s a drive of a motor vehicle;

at least one sensor configured to measure a temperature of
the electrochemical storage device and a supply voltage
at the at least one output; and

means, connected to the at least one sensor, for altering
the supply voltage at the at least one output based on a
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change 1n the temperature of the electrochemical stor-
age device so as to counter a change 1n a value of a
power density of the electrochemical storage device
attributable to the temperature change;

wherein a power (P) of the power density of the electro-
chemical storage device 1s determined using a formula:
P=U"/4R,, wherein Ri is an internal resistance of the
electrochemical storage device, U” is the square of the
supply voltage adapted by the system management unit
to the at least one output of the electrochemical storage
device, and U 1s the supply voltage;

wherein the means 1s also for adapting the supply voltage
at the at least one output so that the power density
remains constant while the supply voltage 1s supplied,

wherein the temperature 1s continuously monitored, for as
long as the electrochemical storage device, used for
operating the load, 1s 1n operation, and

wherein the power (P) provided by the electrochemical
storage device 1s approximately independently of the
temperature.

4. The system of claim 3, wherein the means 1s also for
measuring voltage dropping across the load when the load 1s
connected to the at least one output.

5. The system of claim 3, wherein the means 1s also for
altering a current that the electrochemical storage device
supplies to the at least one output.

6. The system of claim 3, wherein the means 1s also for
altering a current that the electrochemical storage device
supplies to the at least one output to correspond to an
instantaneously required current of the load while the load 1s
clectroconductively connected to the at least one output.
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